G e n e r a to r C o o r d in a te M e th o d a n d S h o r t R a n g e C o r r e la tio n s * It is shown that the cluster expansion formalism previously developed as a basis for a theory of the ground state of correlated systems may be generalised in such a way as to enable the applica tion of the generator coordinate method in the presence of singular interactions, thereby providing also a theory for excited states.
A new interest in the Jastrow method seems to be developing. Investigations of the ground state of cor related Fermi systems, based on cluster expansion formalisms, have been performed by the present authors 1-3, and by others 4~6. We feel that cluster expansions are also useful for investigating excited states, in particular for extending the generator co ordinate method or the random phase approximation (RPA) to systems containing singular interactions. In the present note we describe a method by which the cluster expansion formalism considered in Re ferences 2' 3 may be used to apply the generator co ordinate method to systems containing short range correlations due to the hard core of the two-body force. In Refs. 1-3 a wave function of the form | W) = exp S |
where | was a Slater determinant,
i = l and 5 was a two-body operator has been considered. In order to describe deviations from equilibrium we will allow S to contain a one-body part. Therefore we write n' n s = 2 Si + i 2 fii = 2 (rn j 5 | i) aZ, at i = 1 if j = l mi -\ 2 ( m n \j\i j) a t an ctj at ,
mnij where j i j ) and j m n) are non antisymmetrized sta tes. We use the letters i, j, k, . . . to refer to occupied states (holes), the letters m, n, p, . . . to refer to un occupied states (particles), and the greek letters a, ß, y ,. . . to refer to either. The quantities ( m n \f \i j) are functions of the quantities (m | s ! i) which may be determined by the prescription that the expecta tion value of the Hamiltonian H should be a mini mum for fixed values of (m j s | i ) . In order to write down cluster expansions we define n-particle uncorrelated states
and the corresponding unnormalized but correlated states ! Vi) 0 .
I V ii)= es \ i j ) .
The kets ' i j) are related to the non-antisymmetrized kets ' i j ) according to
We also define the cluster integrals, which may con tain differently deformed states on the left and on the right hand sides of the matrix elements and scalar products, (13) give us the expectation value of the energy and the logarithm of the norm of the cor related wave function \ X F ). When we wish to ex press the fact that the quantities h j j, hikj i , xu , *ik.il, Yi, j > . .
• have been computed with s /= s / and Lt should als0 be observed that Eqs. (17) and (18) fij = fih we will write a bar over them. For instance: aTe equivalent since, as it has been shown in Ref.
Notice that according to Eq. As a simplifying approximation we replace now in Eqs. (17) and (18) 
The generator coordinate method requires the com putation of the overlap integrals W) and ( W j W). The methods of Refs. 2' 3 are also ap propriate to compute the quantities and K (s ,s ) = (W \H \ ¥ ) / ( ¥ ' \ W) < P (s ',s )= \o g (¥ '\W ), where 5 is some parameter or set of parameters spe cifying the operators . In terms of these quantities the integral eigenvalue equation of the generator co ordinate method may be written
